Objective: To investigate the association between depression and mortality in the elderly living in low-and middle-income countries.
| INTRODUCTION
There is growing evidence that depression reduces survival in the elderly.
1,2 Recent meta-analyses estimated a relative risk (RR) of 1.59 (95% CI, 1.47-1.71) 3 for the association between depression and mortality for community dwelling elderly. The mechanisms by which depressive symptoms are associated with mortality may involve behavioral factors, exacerbation of comorbidities, and biological mechanisms related to aging. 4 For example, unhealthy behaviors in depressed people, such as smoking, sedentary lifestyle, and alcohol consumption, and poor adherence to treatments can contribute to unfavorable cardiovascular events. 5 In addition, the worse survival associated with depression may be related to psychophysiological mechanisms that include dysregulation of the hypothalamicpituitary-adrenal axis, impaired immune function, and circadian variation in cortisol and melatonin. 6, 7 It is also known that depression is associated with poverty, low-educational status, and social exclusion. [8] [9] [10] In turn, social inequity directly affects health outcomes and decreases life expectancy. 11, 12 Currently, most of the available research on the association between depression and mortality among the elderly comes from high-income countries (HIC), 3, 13 where demographic changes and population aging have occurred along the 20th century. Low-and middle-income countries (LMIC) are now experiencing a much faster demographic transition compared with HIC. 14, 15 This accelerated population aging has changed the pattern of morbimortality towards a predominance of noncommunicable diseases (NCDs), including multiple consequences mainly related to depression, with increased economic burden, laborhealth and social problems. 16, 17 Mental health problems, among other NCDs, are often overlooked in public health policies in LMIC, and planning and current resources are not designed accordingly. [18] [19] [20] Elderly populations in LMIC live in much more adverse social conditions, with difficulties with housing, food, and other needs. 15 They also have much more limited access to health care, including adequate treatment for chronic conditions, such as diabetes, cardiovascular diseases, and mental health problems, including depression. 18, 21 Therefore, it is possible that the association between depression and mortality among the elderly living in LMIC can be even stronger than that estimated for HIC. Indeed, in a Chinese sample of community dwelling elderly people (rural and urban area), an RR of 2.07 (95% CI, 1.49-2.89) was found for the association between depression and mortality. 22 Given the scarcity of data about the association between depression and excess mortality in the elderly in LMIC and the potential relevance of estimates adequate for LMIC, we conducted a systematic review and meta-analysis specifically aimed at estimating the association between mortality and depression in elderly populations living in LMIC.
| METHOD
We report this article following statement of the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA). 23 Detailed protocol of this systematic review is found in Supporting Information Appendix 1.
| Search strategy and selection of studies
Search was conducted on June 30, 2017, in the following databases:
Pubmed, Embase, Web of Science, Lilacs, and PsycInfo. Four groups of key descriptors were combined using Boolean operators "OR" and "AND" as follows: ("mortality" AND "depression" AND "Longitudinal studies" AND "low-and middle-income countries"). We combined terms indicating mortality (survival and death), depression (mood disorder, depressive, and depression), longitudinal studies (prospective, follow-up, and longitudinal), and LMIC (low income, developing countries, name of the countries, and among others). 25 The STROBE evaluates
Key points
• Depression is a common mental disorder in the elderly.
• Low-and middle-income countries had a rapid growth aging in their population, and it has been accompanied by an increase in diseases related to aging.
• Mortality is associated with depression in high-income countries. The reasons why depression leads to increased mortality are not well defined.
• The association between mortality and depression in low-and middle-income countries does not differ substantially from those found in systematic reviews with articles primarily from high-income countries.
information that should be present in scientific articles of observational studies. The check list evaluates title and abstract (item 1), intro- 
| Statistical analysis
Although the studies used a variety of measures of effect (hazard ratio, RR, odds ratio), for the present statistical analysis of the data, we used the RR as the measure of effect. We calculated the unadjusted RR for all articles. All analyses were conducted with only unadjusted RR. For the overall and subgroup analysis, we used a random effects model to estimate the pooled effect estimate and its 95% confidence interval. Random effects model is the appropriate analysis to account for heterogeneity between studies. 26 In order to assess heterogeneity, we calculated the I 2 statistic with its 95% confidence interval. 27 An I 2 close to 0% indicates no heterogeneity between studies, close to 25% indicates low heterogeneity, close to 50% indicates moderate heterogeneity, and close to 75% indicates high heterogeneity. 27 To test whether heterogeneity is significant, we calculated the Q statistic. We analyzed subgroup analyses to identify heterogeneity between studies according to the following subgroups:
country where studies were carried out, type of mortality data, followup period, depression prevalence, study quality assessment, and by adjusted covariables used.
To investigate publication bias, we used the funnel plot and the Duval & Tweedie's trim-and-fill procedure. 28 We used Egger's test to evaluate significance of the funnel plot. 29 For statistical analysis, we used the Stata 13.0 software. 30 We used de metan, heterogi, metabias, and metatrim commands in Stata to perform the meta-analysis.
3 | RESULTS
| Identification and selection of articles
A total of 4517 abstracts were examined (3417 after duplicate abstracts were removed). We selected 58 articles for assessment of eligibility, which identified nine articles for inclusion in the metaanalysis (reasons for exclusion in Figure 1 ). One eligible article was identified among the references of other systematic reviews, resulting in a total of 10 articles included in the meta-analysis.
| Characteristics of articles
Among the 10 articles included, a total of 13 828 participants were followed, of whom 2402 (17.34%) presented depression at baseline as defined by the article, and 11 426 (82.66%) were nondepressed ( Table 1) .
The studies were conducted in the following LMIC: Brazil (four articles), China (two articles), Botswana (one article), India (one article), South Africa (one article), and South Korea (one article).
There was great variability among the samples characteristic; in the selected studies, we had samples ranging from high-socioeconomic level population (one article) to low-socioeconomic level population (three articles). One study was a national representative sample while the other studies were a mix of local samples (city, district, or rural/urban samples). The follow-up period showed a high variability, ranging from 0.7 to 15 years. In four articles, information on vital status was acquired just from linkage with governmental information systems (local/national death index or security's database), in the other six articles was acquired with follow-up visits or with both visits and local/national systems ( Table 1 ).
There was a great variability of instruments used to assess depression with GMS (two articles) and GDS-15 (two articles) being the most frequently used. There was also a great variability in the prevalence of depression, ranging between 4.3% and 38.5% (Table 1 ).
The STROBE-based quality scores ranged from 12.30 to 21.60, ie, from 58.57% to 98.18% of the maximum score of 22 points ( Table 2 ).
The least fulfilled items were potential sources of bias, decision on the sample size, and descriptive data. Ben-Arie et al, 1990 38 had a particularly low score; it had been published as a brief report in 1990, thus, prior to the standardization period of instrument for scientific writing.
| Meta-analysis
The unadjusted RR for the association of depression and mortality in the elderly in LMIC ranged among individual studies from 0.34 to FIGURE 1 Flowchart of selection of studies 
| DISCUSSION
To the best of our knowledge, this is the first systematic review focusing on the association between depression and mortality among elderly populations living in LMIC. We hypothesized that the estimate for such association might be larger than that found in recent metaanalyses with studies from HIC, mainly because elderly from LMIC live under very unfavorable socioeconomic adversities and have very limited access to care for their chronic conditions. We found 10 articles on the association between depression and mortality in LMIC; of these nine had not been included in previous published systematic reviews. Our pooled estimate was RR = 1.62 (95% CI, 1.39-1.88), similar to those found in previous meta-analysis with articles primarily from community dwelling in HIC, RR = 1.81 (95% CI, 1.58-2.07) 40 and RR = 1.59 (95% CI, 1.47-1.71). The results in the different subgroups did not differ substantially from the RR of the pooled sample, except for study quality, with the studies with better quality having a lower RR (1.48) than those with poorer quality (1.82). This suggests that studies of poorer quality may overestimate the association of depression and mortality. However, because of the small number of studies (n = 10) and the great overall heterogeneity (I 2 = 66%), these results should be interpreted with caution.
The identification of more articles from LMIC than in previous systematic reviews was probably due to the inclusion of the Lilacs regional database and the eligible languages (English, Portuguese, and Spanish). It is clear that to obtain systematic reviews aimed at incorporating studies carried out in LMIC, it is imperative to search into regional databases and languages other than English. In a publication that sought to identify methods for conducting systematic reviews in LMIC, 15% of the eligible articles were in Chinese, Spanish, French, Portuguese, and Russian. 45 This systematic review highlights the need to carry out original research about depression and mortality in LMIC elderly population.
Moreover, high-quality studies with regional or country representative population-based samples, using validated depression diagnostic instruments or clinical diagnoses including the assessment of the persistence or not over time of the depression diagnosis are needed.
Another very relevant point in LIMC context is to understand how social determinants of health influence in the incidence of mental health problems in vulnerable elderly population and, therefore, can impact in outcomes such as premature mortality.
This study has strengths and limitations. The primary strength of this study was its focus on LMIC. Nevertheless, we identified at least five limitations in this study. First, we searched only one regional database (Lilacs) and restricted our search to three languages, thus, possibly missing relevant articles indexed in other national or regional databases and in other languages such as Chinese. Second, we identified only 10 studies, therefore, limiting the statistical power and, thus, the interpretation of the meta-analysis results. Third, we were only able to examine the RRs of mortality in depressed individuals without adjustment for variables such as comorbidities, lifestyle, gender, and age, which might explain the association between depressions with mortality as we have shown above. Fourth, although the articles examined have been carried out in LMIC, we found an important socioeconomic heterogeneity, including populations with highsocioeconomic level; this fact might have contributed to the results found in our study, which do not differ from those found in HIC. Fifth, there is always the possibility of publication bias; the pooled RR was essentially the same after the Duvall and Tweedie's trim-and-fill procedure, and Egger's test was not significant, suggesting the metaanalysis was not significantly affected by publication bias.
| CONCLUSION
Despite the limitations, this meta-analysis found an evident excess mortality in the depressed elderly living in LMIC. In addition, this excess mortality does not differ substantially from that found in systematic reviews with articles primarily from HIC. This suggests environmental factors occurring in LMIC might not have a direct association with the excess mortality in the depressed elderly.
Furthermore, studies should be conducted in LMIC to identify factors involved in this association that may differ from HIC.
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